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INTRODUCTION
Preparation of materials in the form of various sediments [1] [2] [3] is referred to the family of the wet synthesis procedures known from a number of advantages compared with traditional high temperature solid state processing methods, such as excellent control of stoichiometry of the final powders with the possibility to obtain uniformity and mixing in atomic scale, the distribution of narrow particles, minor contamination of the product during the homogenization of the source connections, low energy consumption, low aging time and simple equipment 4 .
Research described in 5 , showed that the crystalline structure is a sequential process; the crystalline product is obtained at temperature of Р е п о з и т о р и й К а р Г У 1100 °C. Such particles are large in size and form large agglomerates. Therefore, it is worthwhile to seek alternative methods to synthesize weakly agglomerated nanoparticles Bi 0,1 Dy 0,9 MnO 3 using organic compounds. It is possible to single out such methods as the citrate-nitrate synthesis and sol-gel. In these cases, the formation of nanoparticles will happen either during the decomposition of previously formed organic-inorganic complexes (precipitation and sol-gel method), or the isolated volume (trace elements); the parameters of which can be controlled by selection of various organic compounds. Therefore, the aim of this study was the synthesis of nanoparticles of manganite dysprosiumbismuth (BDMO) using different methods and the composition correction by radiography of the obtained nanoparticles.
EXPERIMENTAL
Three different methods of obtaining manganite BDMO were used in the work.
Solid-state reaction
In solid-phase reactions the source materials and the final products are in solid state, therefor the oxides may be mixed with the stoichiometric ratios. The manganite was synthesized by solid state reaction in the manner of mixing oxides of metal ions Bi 3+ , Dy 3+ and Mn 3+ corresponding to the formula of the perovskite Bi 0,1 Dy 0,9 MnO 3 (BDMO), in the required proportion to obtain the final product with the desired composition.
Solid-phase synthesis of complex oxides based on manganite was made of a mixture of initial oxides in accordance with the following scheme of reactions. Stoichiometric amounts of oxides were mixed and triturated in an agate mortar to obtain a homogeneous mixture. Then the mixtures were subjected to repeat annealing in a furnace in the temperature range of 600-1100 °C with increase temperature in every 100 °C. Annealing was made in 6 stages: I stage -600 C with a total duration of 39 hours 5 . Intermediate grinding was made after each synthesis stage. Upon completion of the synthesis, the furnace was turned off, and cooling of the obtained compound was in the cooling mode of the muffle furnace. The composition of the final products was controlled by the method of X-ray.
By the results of the manganite diffraction pattern ( Fig. 1) , it can be seen that the resulting manganite is multiphase. In addition, it is necessary to note several shortcomings of this method. a.
Duration of synthesis (39 hours). b.
High synthesis temperature above 1000 °C. c.
Multiphase product.
The sol-gel method using a polyatomic alcohol glycerol In this method of synthesis metal oxides were used too. The required amount of oxides was dissolved in distilled water. Citric acid and glycerol (2:3) were added to the obtained solution as gelling agents. Then the solution was heated using an electric stove with constant stirring at 80 °C to remove excess water and obtain viscous gels. The gel was dried at 250 °C and annealed at 500 °C for 10 h, to obtain the desired powder. The powders were crushed in an agate mortar to obtain a homogenous mixture. Then they were placed in crucibles and annealed at temperatures of 600-1000 °C for 19 hours.
In Fig. 2 the peaks marked in blue indicate peaks before improvement phase and the peaks marked with pink are the remaining after the refinement of the phase by the Rietveld method. ). Same as in the second method, the mixture of oxides was dissolved in distilled water. 2M nitric acid as a precipitating agent was added to the obtained solution. Citric acid in the ratio of the oxides 1:2 was used as the reaction medium. Chelating effect is favorable for pH value. Thus an adequate volume of 2M of solution HNO 3 were added to increase the pH value of the mixtures up to 7. The obtained mixture was evaporated using an electrical plate at 80 °C and continuous stirring to remove the excess solvent before formation of the dry semi-product and annealed at 500 °C for 10 h to obtain the desired powder.
The presence of the source oxide in the mixture is maintained at a temperature of 700-800 °C. At this with increasing temperature the manganese is rapidly recovered, being in a sample composition in the form of a mixture of oxides with different degree of oxidation. The bismuth oxide is finally included in the structure of solid solution based on dysprosium manganite at 800-900 °C, the dysprosium oxide remains in the form of oxide or hydroxide up to 900 °C, and then reacts. Final heat treatment of the precursors was performed in a muffle furnace at different temperatures (900, 1000 °C) for 21 h, in a muffle furnace. Formation of the new phase is completed at a temperature of 1000 °C.
In Fig. 3 , the peaks marked in blue indicate peaks before improvement of the phase and the peaks marked with pink are the remaining after the refinement of the phase by the Rietveld method.
RESULTS AND DISCUSSION
The formation of new phases was controlled by the method of x-ray phase analysis produced by X-ray diffractometer Miniflex 600 (Rigaku) using CuK α-radiation filtered by the Ni filter (U = 30 kV, J = 10 MA, the rotation speed of 1000 pulses per second, time constant = 5 sec., the range of angles 2θ from 5 to 900). Radiographs of the synthesized polycrystalline powders were indicated by the homology method (homologue is a distorted structure type of perovskite). The density of manganites were determined by the pycnometric method according to GOST 2211-65. Toluene served as indifferent liquid. The density of the manganite was measured 4 -5 times and data were averaged.
The results of the synthesized manganite radiograph indexing by different methods show that the manganites have the orthorhombic structure with the following unit cell parameters ( Table 2 ).
The reliability of the indexing results is controlled by a satisfactory coincidence of experimental and calculated values of the inverse squares of the interplanar spacing's (104/d2), and the coincidence degree of the x-ray and pycnometric densities values of the studied compounds.
Thus, the double bismuth-manganite BDMO was synthesized by various methods. Using the ceramic technology, considering the Tamman's conditions, the authors defined temperature regime of the synthesis of the dual mixed manganite BDMO. The type of crystal system and unit cell parameters Р е п о з и т о р и й К а р Г У 
